Several yeast water preparations and commercial yeast extracts varied in their toxicity to two strains of Rhizobium trifolii. Strains of R. japonicum and R. leguminosarum were also susceptible to yeast extract, while strains of R. meliloti were resistant.
. The yeast samples were autolysed with an equal weight of water, at various temperatures and for different times, then cooled, centrifuged and the decanted supernatant liquids were autoclaved at 10 Ib/in2 for 20 min.
Strains and culture methods. Two strains each of Rhizobium trifolii (~7 I 2, ~777) ; Rhizobium Ieguminosarum (~127, 5140); Rhizobium japonicum (5303, ~3 10) and Rhizobium meliloti (59, JIO) were from the culture collection at Johnstown Castle. All had been maintained on standard YEMA for a considerable time. For plate counts, the organisms from four-day-old slopes were shaken in IOO ml of 0.5 % (w/v) NaCl and I ml samples of these suspensions and of serial decimal dilutions were plated in duplicate on the test media. Colonies were counted after four days; cultures and plates were incubated at 25 "C.
For inoculation of YEMB, the organisms from slopes were suspended in water to about Io*/ml. Cultures (20 ml) were grown in IOO ml round-bottomed sidearm flasks using I ml of inoculum on a gyrotary shaker (New Brunswkk Scientific Instrument Co., New Jersey, U.S.A.) at 140 rev./min. Growth was measured with a photoelectric nephelometer (Evans Electroselenium Ltd, Harlow, Essex) and bacterial numbers obtained by comparing readings with curves made for each strain by plotting nephelometer readings in standard YEMB (containing 0.022 yo (w/v) CaCl, . 6H,O) against viable counts on standard YEMA. Total microscopic counts were made on all cultures at the onset of the stationary phase to ensure that increases turbidity had been due to increase in numbers of organisms.
Analyses. Total nitrogen content of the commercial yeast extracts was determined by Kjeldahl analysis. The a-amino nitrogen content of commercial yeast extracts and yeast water preparations was determined using Sorensen's formol titration (cited by Mann & Saunders, 1960) , with leucine as standard.
Potassium was determined by flame photometry (Byrne, 1968) , sodium and calcium by atomic absorption spectroscopy (Frey, I 964) and chloride by titration using AgNO, (Byrne, 1968) .
Toxicfactor. Toxic factor (TF) was recognized by adding a sample of the test solution to standard YEMA plates, inoculating with a suspension of Rhizobium trifolii 57 12 containing about 105 organisms, and observing decrease or absence of growth. T F was characterized as follows.
A sample (5 ml) of an aqueous solution (20 %, w/v) of Difco yeast extract was added to a Sephadex G-15 (Pharmacia, Uppsala, Sweden) column (1.5 x 35 cm). Using water as eluent, 60 x 2 ml fractions were collected and 0.2 ml of each fraction tested for TF. The toxic fractions were pooled and concentrated on a rotary evaporator before transferring to a column (2 x 35 cm) packed with Amberlite IR-120 resin, hydrogen form (BDH Chemicals Ltd, Poole, Dorset) in water. The column washings with (a) water (200 ml) followed by (b) 0.1 M-HCl (200 ml) and subsequently (c) 0.1 M-NH,OH (200 ml) were each dried under vacuum, redissolved in water and tested for TF. A solution containing the T F was streaked uniformly across the top of a sheet of chromatography paper and the chromatogram developed in solvent A for 18 h at 18 "C. The dried paper was cut into a series of strips, parallel to the origin streak and each I cm wide, and each was eluted with water. Eluates were concentrated, autoclaved and tested for TF. This procedure of cutting the paper in strips, eluting and testing for T F will be referred to as
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Toxic eluates recovered from chromatogram A were restreaked on chromatography paper and developed in solvent B for 24 h at I 8 "C. Strip analysis of the thoroughly dried chromatogram located the TF.
Electrophoresis. Solutions containing T F were streaked on strips of chromatography paper before electrophoresis in either acetic acid + 88 % (w/v) formic acid + water (87 + 47 + 866, vlv) buffer, pH 1'9, at 6 V/cm for 2 h, or 0-1 M-potassium phosphate buffer, pH 6.5, and run at 6 V/cm for 2 h. Glycine (Sigma, London) markers spotted on the outer edges of the paper were located by spraying with ninhydrin (0.5y0, w/v in n-butanol) and heating at IOO "C for 10 min.
Amino acid maps and semiquantitative glycine analyses. Aqueous solutions (5 %, w/v) of each of the six commercial yeast extracts were spotted on paper for two dimensional chromatography in solvents A and B. The developed chromatograms were sprayed with ninhydrin and heated to reveal spots.
The paper containing the glycine spot revealed by ninhydrin from each map was cut into small pieces, immersed in aqueous ethanol (Soyo, v/v) and the extinction of the solution at 570 nm read on a spectrophotometer (Unicam, Cambridge). Glycine standards were chromatographed and treated similarly and blanks were cut from the paper close to the glycine spots.
Adaptation of strains to media containing high glycine concentration. The test strains of Rhizobium trifolii were serially cultured on standard YEMA containing incremental additions of glycine (0.002 to 0-2y0, w/v) for ten successive transfers at intervals of I week.
RESULTS
Plate counts on YEMA containing diferent yeast extracts. Yeast extract mannitol agar was prepared using six commercial yeast extracts at both 0-3 yo and 0.5 yo. Plate counts on all 12 resulting media ( Table I ), showed that the toxicity of the media varied considerably.
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There was a correlation between toxicity and both N and amino-N content of the extracts, to which Oxoid 2878 was an exception, having an amino-N content low relative to its toxicity.
Strain ~7 1 2 was more susceptible to the toxic factor, as poor recoveries of this strain were obtained with 0-3 yo of three of the powdered yeast extracts. In general, the results with the two yeast extract pastes were similar, whereas the powders showed considerable variation.
Both strains were inhibited by 0.5 yo of all powders except Oxoid 2719, which was toxic to neither strain at 0.57~ or at 1.0%. Colony size decreased as yeast extract concentration increased and in some instances, counts had to be confirmed under magnification. Yeast water preparations from both bakers' and brewers' yeast also contained the toxic factor and its concentration in the yeast water increased with longer autolysis. Again there seemed to be a relationship between the toxicity of each yeast water preparation and its amino nitrogen content. The autolysate from the washed brewers' yeast had almost double the amino nitrogen content of the autolysate from the unwashed sample, and was considerably more toxic.
Characterization of the toxic factor. The T F was heat stable and was removed from Difco yeast extract powder by repeated extractions with methanol or aqueous ethanol (80 yo, v/v), but was insoluble in absolute ethanol, ether, benzene or chloroform. An aqueous solution of Difco yeast extract was fractionated on Sephadex G-15. The TF was eluted in a broad peak (fractions 18 to 26), concentrated and adsorbed on a cation exchange resin. It was not eluted with water, but a secondary toxic factor (X) was eluted with dilute HCl and the primary toxic factor (Y) was present in the fraction eluted by NH,OH.
Identification of toxic factor X. Toxic factor X had Rf 0.26 in solvent A but could not be located on the chromatogram developed in solvent B. The substance at R, 0.26 in solvent A gave an alkaline reaction, and strip analysis showed Na+ and K+ in this area.
Identification of toxic factor Y. Toxic factor Y was ninhydrin-positive, having R, 0-2 in solvent A and R f 0.35 in solvent B, as did glycine. The factor had the same electrophoretic mobility as glycine at both pH 6.5 and pH 1.9, and could not be separated from glycine by two dimensional chromatography.
The eflectf of Nu+, K+ and glycine on the growth of Rhizobium trifolii in YEMB. Glycine and Na+ were tested both singly and in combination against growth of R. trifolii 5712 and 5777 in YEMB containing o.1y0 Oxoid 2233 powder, to which NaCl, in addition to the 0.01 yo normally added to YEM preparations, and glycine, in addition to whatever glycine was present in the 0.1 yo yeast extract, were added. The effects on strain 5712 are shown in Table 2 , and similar results were obtained with strain 5777. There was an interaction with all combinations of the additives. The effects of either NaCl or glycine as single additives are difficult to assess, and may in fact have been due to an interaction since both glycine and NaCl were already present in the test medium.
Equivalent amounts of either KCl, NH,Cl or Na,SO,, when substituted for NaCl gave similar trends, both with and without added glycine.
The eflects of divalent cations on the growth of Rhizobium trifolii in YEMB. Salts of some divalent cations not only prevented glycine toxicity, but caused increased growth. Divalent cations also prevented yeast extract toxicity to strains ~7 1 2 and ~7 7 7 (Table 3) by various extracts. Without added divalent cations neither strain grew. Calcium ion was much the most effective and the response to Ca2+ (and other divalent cations) occurred whether or not CaCO, (3 g/l) was added to the medium. Soluble calcium prevented NaCl and glycine toxicity ( Table 4) . Visual assessment of amino acid composition of commercial yeast extracts. Before assaying glycine in the commercial yeast extracts, two-dimensional amino acid maps were prepared using solvents A and B, which showed that glutamic acid, serine, alanine, histidine, methionine + valine and leucine + isoleucine were present in highest concentrations with lesser amounts of aspartic acid, glycine, asparagine, lysine, phenylalanine, and proline and only traces of cystine, threonine, tyrosine, arginine, glutamine and tryptophan. All the yeast extracts were qualitatively similar except Oxoid 271 9, which contained mainly glutamic acid and only very small amounts of other amino acids. The occurrence of alanine, serine and proline was not reported in some previously published analyses of yeast extracts (Strijdom & Allen, 1966; Burton, 1967) .
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Glycine, NaCl and calcium in commercial yeast extracts. The concentrations of these substances in commercial yeast extracts are shown in Table 5 . The glycine levels were approximately proportional to the a-amino nitrogen content of the various extracts (Table I) . There was considerable variation in the calcium content, but NaCl concentrations were even more variable. Oxoid 2878, which was more toxic than could be accounted for by its aminonitrogen content, contained much NaC1. A high NaCl content would also be expected in yeast water prepared from washed brewer's yeast which showed extreme toxicity.
Inhibition of Rhizobium by yeast extracts 357
Behaviour of glycine-adapted strains. Rhizobium trifolii strains 571 2 and 5777 were adapted to glycine as described in Methods. Colonies of these glycine-adapted strains on the twelve media described in Table I could be counted from the I : roS dilution in contrast with those of the untreated strains (Table I) Glycine is the primary cause of yeast extract toxicity to Rhizobium trifolii; the inhibition is increased by monovalent cations and prevented by calcium. Glycine is an inhibitor of many species of bacteria. Its mode of action on rhizobia has not been studied but high concentrations of glycine (I to 3 yo, w/v) induce formation of sphaeroplasts, protoplasts and L-forms in other species (see McQuillen, 1960) . Jordan (1965) reported that walls of R. leguminosarum were affected by yeast extract toxicity. He described evidence of reduced magnesium content of walls and suggested that high amino acid concentrations in the medium might possibly be chelating essential cations.
This study, however, shows that glycine has a specific effect which is unrelated to its chelating ability. The stability constants of amino acid-metal complexes (Martell & Calvin, 
